shows the results of Rietveld structure refinements for the sulfate-type layered hydroxides using the crystallographic data of their La 2 (OH) 4 SO 4 ·nH 2 O analogue as initial structure model. 1 All the above refinements are stable and give well acceptable reliability factors (Table S2) .
Table S1
Results of elemental analysis and the derived chemical formula for the typical compounds hydrothermally obtained at 100 o C and pH=9. Nitrogen and carbon were assumed to solely come from NO 3 -and CO 3 2-, respectively, which were assumed to replace OH -. The amount of OH -was derived from molecular neutrality, and the water content was calculated with the Ln content.
Results of elemental analysis (wt%)
Ln S N C Chemical formula
La 56.9 6.9 0.04 0.16 La 2 (OH) 3 originated from the bending modes of water molecules coordinated to metal ions. 2, 3 The two separated sharp bands located at ~3604 and 3478 cm -1 can be assigned to hydroxyl (OH -) groups. 3 The fundamental IR vibrations of SO 4 2-are documented to be located at
, and 451 cm -1 (ν 2 ), and, when the SO 4 2-tetrahedron is distorted, the ν 3 and ν 4 vibrations would split to give rise to two or three peaks with the resolution dependent on the magnitude of the splitting and ν 1 and ν 2 would become active. The ν 1 , ν 2 , ν 3 , and ν 4 fundamental vibrations of sulfate groups were all observed in the La-Gd products as labeled in the figure, with the ν 3 and ν 4 spilt into several peaks. 
